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(54) PIEZOELECTRIC THIN FILM RESONATOR 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a piezoelectric thin film resonator having superior 
characteristics and high performance, having a large electromechanical coupling coefficient, a 
superior acoustic quality coefficient (Q-factor), and superior frequency characteristic. 
SOLUTION: The piezoelectric thin-film resonator comprising a silicon single- crystal substrate 
12. a dielectric base film made mainly of silicon oxide formed thereon, and a piezoelectric 
laminated structure 14 formed thereon. An oscillation unit 21 includes a part of the base film 13 
and part of the piezoelectric laminated structure 14. The piezoelectric laminated structure 14 is 
formed by sequentially laminating a lower electrode 1 5, a piezoelectric film 1 6, and an upper 
electrode 1 7. The substrate 1 2 has a via hole 20, that forms a gap which allows oscillation of the 
oscillation unit 21 in a region, corresponding to the oscillation unit 21. The piezoelectric film 16 is 
an aluminum nitride containing alkaline earth metal and/or rare earth metal of 0.2 to 3.0 atom.%. 
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40 [0038] jw ±©in«: J: 0 n htitcmmmMimT 

(F BAR) (COC»r. XPS»jtffiKj:0 A 1 Nl£^ 
tm 1 6©iffl^^tlT*?T^<!:^C. RffitiJ&PIMiJS^fS 

z>mmxmm9T®fi£. (0-20 aetc j:s*s^as>j^ 

iKa l|5]tfTb--*©¥<fiiH (FWHM) if]^) d: (0 

0 0 2) @Sff-?©d2.+>y • Xz-^ffliB (FW 
HM) Wmttft itc. XPS^*ffiKJ:0«'ISt/cA 

1 nes^is 1 6 (omm&mmt o . 5 a t m%&mx 

&r>tc. A 1 NE§*gl 6©ifflfiJfeJ;0'teS14©3?ffi 

50 *s^*a 1 cc^-r. 
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[0 03 9] */c, ijX'r-Y • -7 A 9x*?v >?my 4 
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5{cit, hi. 2«c«snrnaflijtcDEEW»BW« 

[0 04 1 1 8P5. IS33 0 0/zm(DSiSSl2(D± 

<Dvmft<oWiit is*) =» > (sio, ) m*&f&i>fco ± 

ffiffJjCDS i O, JB^TtftMl 3iLfc 0 *fc. Tffl«J<D 
S i O, UtiStSl 2«C*rrft«Jfi©^T*--^»flBO 

[0 04 2] Tiife^l 3£>^ffiCC, DC7^H3>^ 
A^^^CCjrOJlS 1 5nm<DT i Jf <h^<D±<Z)J¥ 5 1 
00nmOPtiiOS»i«;**l. 7*MJV^ 

TSP«S 1 5Q*f*SB 1 5 a W:¥E^i£ 14 0X160 
amCDjfiJKCcifit^ttiUfc. TWS 1 5 #*-fi!«l 
Rt!*5CiB, X«l3«f»JS«:J:f3liBU*:. EP*b, ' 

0 - 2 eiaefw y?? hJ-2 ffic*si<>x x ( l l 
1) ^J<DB«J^H»t-^*Jt«*ttJ»IW^T. ^~ 
tttofe* (ill) ffi©**fcr-*«K<D0. 5°/o«T 

COP t/T iTSPm@l 5±tc % ffl*S*K 
^HC7S-r»HSE»*#^A 1 N»R*J&flEOfc. A I 
N»R©WStt. 3|2&C^Tii i 3T'£>£„ A 1 NSKO 
itSOfflJS^W-r&A 1 <£££fcfc££JSA 1 <D 

o/c e j»»M*«OTOfc«SCx^^>yccJ:»), A 1 N 

Hffi 1 7 *7fJl5; Ofc. ±^mm 1 7 <D3£{*2|5 17aW 
ffi^Sl 4 0 x l 6 0 Mm®J©Btc2l>JgtK<tb, TSP 

ms^ftgp 1 5 acc^-r^ag^gaaofco 

[0 04 3] «±© cfc 5 tC LTf#6ft/cfib§#£> 

iTSBm^l 5. 1 7RtfEEm<*JSIl eomf&^tix^ 
Sl*PMMA«llt?»au, S ilfil 2©TffiCCJB 

lfc*fl£T*S ii«120a»*KOH*««W^ 
^>yi.-C v ^<L*SfcTT^-^2 04JBfiKL/c o S 
iSSl 2(Di:ffi(C}Bja3ti/c^r^-il/B8PO^ffi 
<ffitt3&2 1 CD^ffi^ffi) 200X200/2 mt* 
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[0044] «_toxnK: j: o mhtitcmmE-m^m^ 

(F BAR) CCOl>r. XPS#*i£CCJ:9 A 1 NE1 

f*jK 1 6 ©«U5K#tfr*:fr5 tmc, mmmmmam^m 

S«MX«@«f®M (0-20 H»c J: SttfSIMBS 
iKa IHWt- (FWHM) MM) t (0 

0 0 2) mVrV-#<DK3?*># • #-:/*ffiiB (FW 
HM) «5££*?T-?fc. XPS^3tffiCC<t«3SKL/cA 

1 NKHftflg 1 6 CD^^WM^ 0 . 5 A t mKsfeMT 
*ofc. A 1 NEEH{*^1 6©«fi»«fctrt8B14©Mi 

1 CCt^To 

[0 04 5] */c, i37s*r-~ F ■ v-Y *»h>-f 

±IBSIgEmft»^omSSS^ 15b. 1 7 bfffl<D 
^^S^HNaaKf . ©«5Ett*6. 

[0046] [ mmm 5 ] *mmwc\t* gito £ 9 cc 

Or, 03, 4Kl7nStirt^1iit©E«*R*fiHf* 
fWLfc. 
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1 2 0X2 8 0 um<D5§.BVXDh<DtL> ±UM^ 
1 7 tt*tl-etl¥ffl"*ft6 5 x 8 5 u m<Di§Mlcm>& 
«0*(*gP17Aa, 1 7 Ba^rs s JPS2 0 um**$C»r 

[0 048] WJiCDXfite: J: 0 ©6ti/c9IJBS£E««Jg^ 
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*igKXJ&0«f»]5£ ( 0 - 2 (9@$sCC J:^tS^SSiS'i^ 
iKa l@5Tt:-^<D¥1Bi|il (FWHM) »J3E) t (0 

0 0 2) @»Tt: , -^cDn^^>^ • *-:/4MNi (FW 
HM) »JSi*tf^fc. XPSd*ffi6c<t»3»JSL/cA 

1 NEMWm 1 6 CD^^WMii 0 . 5 A t m%*mx 

$>-otc 0 a i Nffimi*® i BoiidtbJicnttAttoiffl 

[0 049] ^/c, U7»>T- K • v^^df-; 
«S1 5C03S^fa5 (0 3, 4r£»Sa)^) ^Stfi 

»Bcc«ao, xsumffii 7ACD«^a5i 7 a b^^m 

^HrA^U ±a51ffil7BO^fgSl7Bb^6ffl^ 
50 i^Sffi^ttr, RO'^*#Wp a a S^Q*^^c 0 »6 
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[005 0] [*6SCH6~8] #|gi&PJrtt. fcTF©«fc 

^(cur. @3. 4K^3ftri,>.sfltjs©Etgi$ilI±«i 

[005 1 ] iiTSPmS 15.1 70MVi#.V*tmZf£ 

5«^iftgIJ2 l tcttfc-rzmt&Z&axiicMVa.iZ 
filtl 5 0 X3 0 0 tim<D&BVt<Di><DtL,. ±SP 

me 1 7 ix-zti-etiw-ffi^mi o x 9 0 u m<D&fcic& 

C>ff*tfc©£#Sfl l 7 A a. I 7 B a tfmM 2 0 m m£*s 

[005 2] «±<DXgiC J: 0 ff 6n/c»JgE«^Jl^ 
(F BAR) K-?l>T. XPS»*SKJ:0A l NHS 

#is 1 6 <Dim&m&7 *> ti&c. mmm&mmm&® 
mmxu®Vr®m. (0-2 9®mc*z&*mmim 

tKa l [Hflfe-?©^®*! (FWHM) £ (0 

002) @»ff-i»©Cl-y+>y ■ fc-^fiUS (FW 
HM) jBJSi^tTofc,. XPS##i*K:<fc*)$«£U7tA 

i NEm® i 6 (Dmm^m&i* o . 5 a t m%^mv 

*>ofc. A l NEmftKl 6©ffl$fcJ:tftg§1?fe©I¥ffi 

ism^s? i k^-t. 

[0 05 3] itc. ti^T- F • v-{?afj 
^P&T-a-^SHgfilLT. ±IB«£SEm«!^©T3|3 
f^l 5©JSS^SS (S3. 4-e&ffiiJ©SdJgP^) ^Sftfe 
L, . ±g|5mfii l 7 A ©iSTSP l 7 A b #>6<f 
^£A#U ±Siimffil 7B©JSmBl 7Bb*^Ui;*> 

ff^mDfto-c. *? h ^-^r^-ftf-cft-st©?* 
q«^2 Km-r mo r* fc„ 

[0 054] [ JtlSffl 1 . 2 ] A 1 NStKJF^fcHcS&H 
fS^-C* h T ;!/ * ±*&IR*>*±8t&lK £SsflD L<C I » 

cttw*. ^ti-eftfuew 1 . 5 <hi5j^cDxfi*iitf 

L--C. 01. 2K^;*4vtt>*f&t©ES»g£igT-£ 

fctti23. 4(C7K$nrt^t»j»©E^»^Ji^*^ 
[005 5] «±CDXS«: J: 0 6n^fiEf*i? 
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M> g'JJtifctfofc. XPS»*ffiKJ:f)iSLfcAl 
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Hffifll 1 -8 £|SHIS©i8fp-e#&Ti¥ffi£fT 

io -s/t#. a i Na?M© n a n ^*m^4c. xps##r*r 
tclgtfiSf 1 3 nrK^^ws^if ttl 0 pj«6t* i> 8> i> . 

A 1 NSJg©iffl(&foJ:D^tt©f¥ffitel|l£3l 1 
[0 05 6] *7X*-F • v-ODf? i>S3v-f 
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©lfl(&© (0 0 0 1 ) left A 1 Nff&<DCtttim@tt<!> 
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30 [0 058] Ji<±©»Sm*>6. TJU*7 'J±!S#SI* fc» 

B A R«tfcfcK#l>ig1#tt£^-r C £ *SHJ6»^ 

te. C*l«. T;U*V±a#BISfca#±!ffi#J|^ttl 

htxi>. tor >) ±m&mittcim±m.$m*-e;m 

40 f$t4%£'©ttfi6*JrS]±-rs. 
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